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Simulation parameters used in the actomyosin systems.

Table 2A: Reaction rates.

Reaction Symbol Value [for simulation]* Reference
Actin diffusion kactin, diff 20 µm2 · s−1 [80 s−1] a -
α-actinin diffusion kα,diff kactin, diff/10 s−1 a -
NMIIA mini-filament diffusion kNMIIA, diff kactin, diff/100 s−1 a -
Actin polymerization at plus end kactin,poly,+ 11.6 µM−1s−1 [0.151 s−1] b [1]
Actin polymerization at minus end kactin,poly,− 1.3 µM−1s−1 [0.017 s−1] b [1]
Actin depolymerization at plus end kactin,depoly,+ 1.4 s−1 [1]
Actin depolymerization at minus end kactin,depoly,− 0.8 s−1 [1]
NMIIA head binding kNMIIA,bind 0.2 s−1 [2]
NMIIA head unbinding under no external load k0NMIIA,unbind 1.7 s−1 c -

α-actinin binding kα,bind 0.7 µM−1s−1 [0.009 s−1] [3]
α-actinin unbinding under no external load k0α,unbind 0.3 s−1 [3]

*- The value in brackets is the constant used in simulation, calculated based on a compartment
volume of (500 nm)3.

a- This calculation can be seen in Section A of S2 Text.

b- All polymerization rates specified are assumed to be under no external load.

c- This rate was calculated based on kNMIIA,bind, determined by Kovacs et al. [2], as well as the
known duty ratio of NMIIA that was also confirmed in the same work.
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Table 2B: Mechanical parameters.

Parameter Symbol Value Reference
Length of cylindrical actin filament segment lcyl 27 nm, 108 nm a [4]
Actin filament bending energy εactin,bend 2690 pN · nm, 672 pN · nm b [4]
Actin filament stretching constant Kactin,str 100 pN/nm c -
Actin filament excluded volume repulsion constant Kactin,vol 105 pN/nm4 d -
NMIIA head stretching constant KNMIIA,stretching 2.5 pN/nm e [5]
α-actinin stretching constant Kα,stretching 8 pN/nm [6]
Boundary repulsion energy εboundary kbT , 4.1 pN · nm [7]
Boundary repulsion screening length λboundary 2.7 nm [7]

a- The two values shown are for the different lcyl lengths used in the smaller and larger system
simulations; a more aggressive coarse-graining scheme was used in the latter.

b- Calculated based on the persistence length of actin filaments, which was determined by Ott et
al. [4]. The bending energy for a cylinder with lcyl (= 27 or 108 nm) in our system was calculated
as εactin,bending = lp · kbT/lcyl where lp is the persistence length of an actin filament. The two values
shown are for the lcyl lengths used in the smaller and larger system simulations.

c- This value was chosen to be smaller than the known stretching rigidity of actin filaments, experi-
mentally determined by Kojima et al. [8]. This allowed for higher computational efficiency in this
study. [9, 10] also make similar assumptions, and have shown that this affects actomyosin dynamics
very little in both models. While this constant is low, in comparison to other mechanical constants
in the system it is still sufficiently high such that cylinder linear deformations are extremely small
in simulation (the fraction of cylinders that are linearly stretched or compressed beyond 10% of
their equilibrium length after mechanical minimization is zero in all simulated cases).

d- Chosen to mimic rigid body repulsion, keeping in mind that the diameter of an actin filament is
about 6 nm [11].

e -This value will be multiplied by the number of heads in the NMIIA ensemble to obtain a mini-
filament stretching constant.
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Table 2C: Mechanochemical parameters.

Parameter Symbol Value Reference
Duty ratio of NMIIA head ρ 0.1 [2]
Unbinding force of NMIIA head FNMIIA,unbind 12.6 pN [12]
Stall force of NMIIA head Fstall 15 pN a -
NMIIA binding kinetics parameter α 1.0 b -
NMIIA unbinding kinetics parameter β 0.2 b -
NMIIA bound heads force dependence parameter γ 0.05/pN b -
NMIIA stall force dependence parameter ζ 0.1 b -
Characteristic unbinding force of α-actinin Fα,unbind 17.2 pN [13]
Characteristic polymerization force of actin filaments Factin,poly 1.5 pN [14]

a- Calculated as KNMIIA,stretching · dNMIIA,step.

b- Chosen to produce realistic attachment and walking times for NMIIA ensembles under zero load,
as well as stall loads. See section A of S3 Text for more details on this parameter fitting.

Table 2D: Other general parameters.

Parameter Symbol Value
Number of compartments in each dimension N 2
Compartment length lcomp 500 nm a

Gradient minimization tolerance gtol 1 pN b

Timestep between mechanical equilibrations tminimization 0.1 s c

a- Choosing this compartment length is dependent on the Kuramoto length of the actomyosin
systems, which is derived in Section A of S2 Text.

b- Choosing the gradient minimization tolerance is discussed in Section B of S2 Text.

c- Choosing the timestep between mechanical equilibrations is discussed in Section C of S2 Text.
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